Precast concrete decks have begun to revolutionize the bridge design industry due to their rapid constructability, reduction in overall mobilization and high quality control. According to international codes it was found that distribution of shear connectors is one of the most important factors that has an effect on the capacity of the connection. Previous research and design guidelines suggest the use of two different approaches to quantify the required interfacial shear strength, namely based on the maximum compressive forces in the flange at mid-span or the maximum shear flow at the supports. The research objectives can be summarized in evaluating the structural behavior and load carrying capacity experimentally and analytically for precast girders and precast slabs connected through shear connectors in grouting pockets in the case of regular or concentrated shear connectors distribution at support. In addition the effect of adding horizontal rebars around the grouting pockets in the deck slab was determined. Seven composite RC T-beams with 2.00 m span were tested under static loading conditions.
INTRODUCTION
Several precast elements are available to meet with all construction requirements. It is often preferable to transport beams and deck slabs separately to reduce the weight of each element. The interfacial shear transfer between the top slab and the supporting beams is of great significance to the overall deck load carrying capacity and performance. To give an understanding of the behavior of precast beam connected to precast panels by using shear connectors a brief review of previous research work can be summarized as follows: Mast (1958) was the first to introduce a linear shear friction equation, and was later revised by Birkeland and Anderson (1960) . The equation as introduced by Mast is as follows:
1-Mast (1958)
v n = ρ.fy . µ (MPa) ( 1 ) Where, v n = ultimate horizontal shear strength, ρfy = clamping stress, µ = empirical coefficient of friction
The equation (1) is simple but is very conservative for law clamping stresses and unsafe for high clamping stresses (Loov and Patnaik-1994 ).
2-Birkeland (1966)
Birkeland ( In this simplified equation, 1.0 λ has been substituted for μ and λ is a constant used to account for the effect of concrete density. λ = 1.0 for normal weight concrete, λ = 0.85 for sand-lightweight concrete, λ = 0.75 for all-lightweight concrete, the strength reduction factor for shear was  = 0.85. Loov (1978) was the first to introduce the influence of concrete strength into the horizontal shear strength equation. Below is the equation that was presented by Loov:
4-Loov (1978)
(MPa) ( 5 ) Where, k = constant (0.5 was suggested for an initially un-cracked interface). f'c = the concrete strength in (MPa).
5-Patnaik (2001):
Patnaik recommended the use of the following equations. v u = (0.6+ .fy) ≤ 0.2 f'c and 5.5 (MPa) ( 6 ) v u = 0 for  .fy ≤ 0.35 (MPa) ( 7 ) Patnaik states that it is possible to obtain some nominal shear strength from a smooth interface with no reinforcing, but for design this is not recommended.
Experimental program
The experimental program comprised a total of seven medium-scale reinforced concrete beam specimens tested up to failure at the Reinforced Concrete Laboratory of the Structural Department of the Faculty of Engineering at Ain Shams University. The seven beam specimens were tested to investigate the modes of failure, the ultimate load carrying capacity and the behavior of the connection between pre-cast beams connected to pre-cast deck slab and its influence on the beam action mechanism. The deformation, crack pattern, strain of main reinforcement and strain of shear connectors were monitored and recorded during the tests. All specimens with overall dimensions of 450 mm width, 80 mm thickness for the flange, 150 mm width and 300 mm depth for the web with span 2000 mm. Other six specimens (B2 to B7) were not poured monolithically. The following tables presents the properties of the tested beams: Table 1 : Specific parameters for the tested beam specimens. Table 2 : The properties of the tested beams.
The key parameters considered in experimental program were the following:
a-different patterns of shear connector's distribution along the beam span. b-adding grout at connecting surface. c-adding horizontal rebar at grouting pockets. The beams were tested under monotonically increasing vertical load using a hydraulic Jack of 1000-kN capacity. The specimens were instrumented to record deflection, strain of longitudinal steel reinforcement, as well as strain of the shear connectors. Instrumentation of the beam specimens included Linear Voltage Displacement Transducers (LVDTs) for vertical deflection and horizontal slip between the web and the flange measurements, strain gauges were used for steel strain as shown in the following Figures. 
Test Results
All the beams were tested up to failure. The failure mode for all specimens was the shear mode as shown in figure 7. The failure loads for all the tested specimens and the deflection at failure load for all the tested specimens are summarized in Fig 8 and Fig 9. Fig 8 shows that the failure load for all specimens were similar except B7. The average of the failure load for B2 and B3 was 478 kN which equal to 98% of failure load of control beam. The average of the failure load for B4 and B5 was 455 kN which equal to 94% of failure load for control beam. The increasing of shear connectors ratio only development the capacity of the specimen by 2 % as occurred in specimen B6. While with adding horizontal reabers around the grouting pockets the specimen capacity was increased by 20 % as occurred in specimen B7. It can be noticed that the steel strain is almost the same for all beam specimens due to the same reinforcement ratio.
Strain in shear connectors
The steel strain was measured at 4 shear connectors near the support. The maximum measured strain for each beam is given in figure 12 . 
Sliding
The value of sliding between the flange and the web at failure load for all specimens are compared in Fig 13 . 
First Crack at Grouting Pockets
The loads causing the first visible crack at the grouting pockets are summarized in Fig 15 . 
Analytical work
The theoretical horizontal shear stress was calculated by using self-developed spreadsheets the equation briefly described above. Table 3 shows the values of the experimental and the calculated horizontal shear stress for the six tested specimens from B2 to B7. 
Comparison between different analytical models based on experimental data
A comparison can be made between the analytical models based on the experimental data as shown above. Table 4 shows the error %, average and standard deviation % for the available analytical models and codes. 
CONCLUSIONS
The present study investigated the horizontal shear transfer between precast beams and precast deck panels. The following points summarize the findings of this investigation: 1. The uniform shear connectors distribution along beam span (B2 and B3) achieved 98.5% from the capacity of the control beam specimen while specimens with a concentration of shear connectors at beam sides (B4 and B5) achieved 94% from the capacity of the control beam specimen. 2. The uniform distribution of shear connectors along beam span improve deflection behavior and the ductility of the beam. 3. Increasing the shear connectors ratio from 0.33% to 1.2% increase the capacity of beams by 14%. 4. The groute layer at interface surface between flange and web had no significant effect on the full capacity and the ductility of the beam specimens and decrease the sliding values between the slab and the web. 5. With the same shear connectors ratio adding horizontal rebars around the grouting pockets in (B7) improves the capacity, deflection behavior and the ductility of beam. 6. Loov equation for estimation the shear stress had the nearest values to the experimental results.
